INDIUM TIN OXIDE Electrodeposited cobalt + copper thin films on ITO substrates Go´mez et al. Journal of Electroanalytical Chemistry 2001 517/1-2 (63-68)
Cobalt + copper thin films with variable composition were obtained over indium-tin oxide covered glass plates (ITO) by means of electrodeposition, from a citrate bath upon varying both the [Co(II)]/[Cu(II)] ratio in solution and the deposition conditions. The ITO/glass substrate is sufficiently conductive to allow electrodeposition directly onto it, and also allows the measurement of the magnetoresistance without separating the films. Hohnholz et al. Synthetic Metals 2000 111/-(385-386) Language: English Subdivision of indium tin oxide (ITO) covered glass substrates can be easily carried out by a localized destruction of the ITO under a tungsten needle, applying a voltage between the ITO and the needle tip. The necessary equipment can be set up with commercially available components. The scorched lines almost completely insulate the different segments from each other. Using this method almost, every pattern can be printed into the ITO layer by a computer aided design (CAD) software in combination with a flatbed plotter, by application of a template or by free hand treatment.
Novel method for the subdivision of ITO glass substrates

Crystallization and electrical property change on the annealing of amorphous indium-oxide and indium-tin-oxide thin films
Morikawa Hiroshi et al. Thin Solid Films 2000 359/1 (61-67) The relation of the progress of crystallization in indium-oxide thin films to the change of electrical properties was studied and compared with the results on indium-tin-oxide thin films. The resistivity of amorphous indium-oxide thin films was lower than that of indium-tin-oxide thin films, and increased with the progress of the crystallization contrary to the case of indium-tin-oxide thin films. The resistivity change on annealing of the amorphous film was almost the same between annealing in vacuum and in air. By comparison of the carrier concentration in indium-oxide thin films with that in indiumtin-oxide films, the contribution of ionized Sn to the carrier concentration has been estimated Separate structure extended gate H+-ion sensitive field effect transistor on a glass substrate Yin Li-Te et al. Sensors and Actuators, B: Chemical 2000 71/1-2 (106-111) In our research, glass was used as a substrate for an H+ ion sensitive field effect transistor (ISFET). The sensitive characteristics of five structures for separate extended gate ion sensitive field effect transistors (EGFET) were studied. The components included tin oxide (SnO2 )/aluminum/micro slide glass, tin oxide/aluminum/corning glass, indium tin oxide (ITO) glass, tin oxide/indium tin oxide glass and tin oxide/micro slide glass. Indium tin oxide (ITO) thin film was first time used as an H+ ion sensitive film, which has a linear pH Nerstern response sensitivity, about 58 mV/pH, between pH 2 and 12. In addition, the sensing area effect of the tin oxide/glass, tin oxide/ITO glass and ITO glass structure is discussed. The results show that the tin oxide/ITO glass structure EGFET has the best drift, hysteresis and sensing area characteristics.
Ionic charge-selective electron transfer at fullerene-multilayered architecture on an indium-tin oxide surface Oh Sang-Yoon et al. Langmuir 2000 16/17 (6777-6779) We report the first observation of the ionic charge-selective electron transfer at the fullerene-multilayered indium-tin oxide (ITO) electrode. The surface of the ITO electrode was modified by three layers of self-assembled fullerene/1,12-diaminododecane. The fullerene concentration in each layer was quantitatively measured by Rutherford backscattering spectrometry and UV spectrometry. Electron transfer was not observed from the electrode to the negatively charged Fe(CN)63-, but smooth electron transfer was made to the positively charged Ru(NH3)63+ in an aqueous solution. At the extremely low concentration of Ru(NH3)63+, 2 × 10-6 M, the bare ITO could not detect the ruthenium complex, but the fullerene-multilayered electrode identified the presence of the cationic ruthenium complex, indicating the enrichment of the ruthenium cationic complex in the vicinity of the electrode.
Effect of substrate temperature on the surface structure, composition and morphology of indium-tin oxide films de Carvalho C.Nunes et al. Surface and Coatings Technology 2000 124/1 (70-75) Surface properties of indium-tin oxide (ITO) films are sensitive to substrate temperature. ITO films have been produced by reactive thermal evaporation (RTE) of an indium-tin alloy in the presence of oxygen at different substrate temperatures. The surface chemical composition and structure of the deposited films have been examined by X-ray photoelectron spectroscopy (XPS). The surface morphology has been investigated by atomic force microscopy (AFM). XPS results indicate that all the examined ITO films contain amorphous and crystalline phases. The best ITO films for optoelectronic applications show the smallest percentage of oxygen and indium atoms in an amorphous phase, AFM shows that these films have reduced surface roughness (6.265 nm) and grains with almost uniform size and shape. The ITO films deposited on substrates in the lower temperature range are darkened and show an increase in the amount of surface tin associated with a decrease in the amount of indium, leading to the formation of the SnO2-rich surfaces.
Kelvin probe and ultraviolet photoemission measurements of indium tin oxide work function: a comparison Kim J.S et al. Synthetic Metals 2000 111/-(311-314) We report a comparison of the work functions of thin films of indium tin oxide (ITO), carried out by means of ultraviolet photoelectron spectroscopy (UPS) and by measurements of the contact potential difference with respect to a gold reference electrode (Kelvin probe (KP) method). We investigated commercially available ITOs both 'as-received', and after certain surface treatments, such as oxygen plasma. First, we find measurable discrepancies between KP values measured with three different instruments, and between the KP and the UPS values. Secondly, and unexpectedly, we find that the KP, although more sensitive than UPS, does not detect certain differences between ITOs with different surface treatments. We discuss the results in view of the different environments in which the measurements are carried out (UHV for the UPS and air/Ar for the Kelvin method), of the effects which may be induced by the high-energy photon irradiation in the UPS measurement, and of the stability of the gold probe work function in gas ambient. We conclude that UPS is better-suited for absolute work function determination, although KP remains a convenient and inexpensive tool for fast screening of contact potential differences. In-based transparent conducting oxides (TCOs) share the prevailing defect structure of indium-tin oxide (ITO), i.e. electrons, isolated SnIn donors, and neutral associates, believed to be (2SnInO″i)x . The present work reviews the state of the literature, presents calculated Brouwer diagrams vs. oxygen partial pressure and vs. dopant concentration, and reports intermediate temperature electrical property data (thermopower, conductivity) vs. pO2 and Sn concentration for three systems -polycrystalline bulk ITO, nanocrystalline ITO, and the recently reported ternary cation TCO, Ga3-xIn5+xSn2O16 . The influence of non-reduceable tin-oxygen complexes at high doping levels is identified for ITO. Ramifications for In-based TCO properties are discussed.
Point defects and electrical properties of
Work function of ITO substrates and band-offsets at the TPD/ITO interface determined by photoelectron spectroscopy Chkoda L. et al., Synthetic Metals 2000 111/-(315-319) Language: English Surface compositions and work functions (Φ) of commercially available indium tin oxide (ITO) substrates were measured by photoelectron spectroscopy (UPS/XPS). Whereas substrates cleaned by organic solvents are significantly contaminated and have low Φ values (3.9-4.2 ± 0.1 eV), substrates cleaned by Ar+ sputtering typically have values of Φ = 4.3 ± 0.1 eV. Even higher Φ values (up to 4.7 ± ; 0.1 eV) are obtained by reactive ion etching with oxygen, likely related to oxygen-containing surface impurities. Evaporated TPD is physisorbed on ITO, but causes a drop of the vacuum potential by 0.2-0.4 eV (depending on the ITO pretreatment) directly at the TPD/ITO interface, in contradiction to the common-vacuum level rule. The TPD highest occupied molecular orbital (HOMO) is found 1.1-1.3 eV below the Fermi level of the ITO, which indicates the presence of a significant barrier for hole injection. The potential role of cytochrome P450(cam) in bioremediation has been extensively studied because of its ability to carry out the nonphysiological reductive dehalogenation of haloalkanes. The reductive dehalogenation catalytic cycle requires the input of two reducing equivalents, typically delivered to the enzyme from NADH via putidaredoxin reductase and putidaredoxin. In the presence of polylysine, spinach ferredoxin acts as an efficient electron shuttle between an indium-doped tin oxide (ITO) electrode and substrate-bound cytochrome P450 (cam). The ferredoxin-mediated electrochemical reduction of substrate-bound cytochrome P450 (cam) conduces to the reductive dehalogenation of haloalkanes. Consequently, this strategy permits the replacement of NADH and cytochrome P450 reductase, both expensive and fragile species, with an electrode to catalyze dehalogenation reactions. The effect of copper phthalocyanine layer in between indium tin oxide anode and N,N′-bis-(1-naphtyl)-N,N′-diphenyl1-1, 1-biphenyl1-4,4′-diamine (NPB) hole transport layer on the charge injection and growth modes of organic light emitting diodes (OLEDs) were investigated. The OLEDs were based on tris-8-(hydroxyquinoline) aluminum and NPB. Two properties of the CuPc buffer improved the stability of the OLEDs. Firstly, the improved hole injection from the indium tin oxide to the NPB transport layer. Secondly, the growth of NPB organic molecules in island-like modes on the indium tin oxide.
Interface formation between NPB and processed indium tin oxide Le Q.-T. et al. Thin Solid Films 2000 363/1 (42-46) Language: English We have investigated the interface formation between ITO and N,N′ ;-bis-(1-naphthyl)-N,N′-diphenyl-1,1′-biphenyl-4,4′-diamine (NPB), an organic materials often used as hole transport layer in organic light-emitting devices (OLED), by using X-ray and ultraviolet photoelectron spectroscopy (XPS and UPS) and atomic force microscopy (AFM). Acid or base treatment of indium tin oxide (ITO) surfaces can significantly alter the surface work function which, in the case of acid treatment, points to an improved energy level alignment with NPB and, therefore, enhanced hole injection efficiency. We found no significant reactions nor level bending for NPB deposited on standard ITO. In contrast, for acid-treated ITO, reaction of NPB nitrogen with the proton of the dipole layer on the ITO surface is observed. At low NPB coverages, AFM images reveal uniform island growth of NPB on ITO. Further deposition leads to a more complete covering of the ITO surface by NPB layer, corresponding to a laminar growth mode. The contact angles on the thin films of poly(2-methoxy-5-(2′ ;-ethyl-hexyloxy)-pphenylenevinylene) (MEH-PPV) and indium tin oxide (ITO) were measured by the sessile-drop technique. The surface energies of the films were calculated using the 2-liquid geometric mean and 3-liquid Lifshitz-van der Waals acid-base (LWAB) approaches. The overall total surface energies (γS) of MEH-PPV and the as-received ITO were 26.4 and 25.8 mJ/m2 , respectively. Both approaches yielded almost the same surface energies. The surface energies were mainly contributed to by dispersion interactions or Lifshitz-van der Waals (LW) interactions for both MEH-PPV and ITO. The changes in the contact angles and surface energies of the ITO films, due to different solvent cleaning processes and argon plasma treatments, were analyzed. Experimental results revealed that the total surface energy of the ITO films increased after various cleaning processes. In comparison with different solvents used in this study, we found that methanol is an effective solvent for ITO cleaning, as a higher surface energy was observed. ITO films treated with argon plasma showed the highest surface energy. This work demonstrated that contact angle measurement is a useful method to diagnose the cleaning effect on ITO films. Shen Y. et al. Advanced Materials 2001 13/16 (1234 -1238 Language: English Modification of indium tin oxide (ITO) electrode interface for improved hole injection in organic light emitting diodes (OLED) was investigated. The injection efficiency measurements were carried out to characterize contact between ITO and the organic semiconductor triphenyldiamine (TDP) layer. Coating of ITO with self-assembled ultrathin platinum (Pt) films as interface modification layers, dramatically enhances OLED efficiency and contact with TDP becomes nearly ohmic. The surface morphology of ITO electrodes was investigated by atomic force microscopy (AFM). The first organic light-emitting diode with both an electron-rich columnar liquid crystal as hole transport material and an electron-deficient fluorescent columnar liquid crystal as electron transport material is presented. Red fluorescence is observed above 10 V from the configuration indium-tin oxide (ITO)/hexabutoxy-triphenylene/tetraethyl perylenetetracarboxylate/Al. The excellent charge transport properties of columnar phases are thus exploited for light-emitting diodes. Both organic materials exhibit their columnar liquid crystal phase well above room temperature and the underlying ordered solid columnar phase is used in the diode. The I(V) and L(V) characteristics are very reproducible from device to device, with an emission peak at 620 nm and an FWHM of 80 nm, a current rectification ratio of about 30, I approx. V2 at low voltages and I approx. L approx. V7 at higher voltages. Initial lifetime measurements are encouraging.
Modification of indium tin oxide for improved hole injection in organic light emitting diodes
All-columnar bilayer light-emitting diode
Surface wetting properties of treated indium tin oxide anodes for polymer lightemitting diodes Kim J.S. et al. Synthetic Metals 2000 111/-(369-372) Language: English We report contact angle hysteresis and surface energy of differently treated ITO substrates obtained by measuring dynamic contact angles for liquids with different polar character. We find that the hysteresis and the polar and dispersion component of the surface energy depend strongly on the surface treatments. Oxygen-plasma induces the highest surface polarity and the highest total surface energy, but in contrast, argon-plasma shows the lowest surface polarity and the lowest total surface energy. We suggest that such surface wetting properties of the ITO anodes play an important role in deciding the interface formation with polymers, and therefore the performance of light-emitting diodes. We discuss the results in relation to the ITO surface roughness and chemical heterogeneity modified by the different treatments.
Self-assembled nanocomposite polymer light-emitting diodes with improved efficiency and luminance Bliznyuk Valery et al. Advanced Materials 1999 11/15 (1257-1261) Language: English Indium tin oxide (ITO) transparent anode was modified using self-assembled monolayers and electrostatically assembled SiO2 nanoparticles. The modification of the ITO electrode with SiO2 nanoparticles dramatically improved electroluminescence properties of polymer light emitting devices (PLED). The charged nanoparticle surface, which serves as a carrier trap at low current densities, induced a dipole moment across the electrode interface, effectively increasing the local electric field and promoting carrier injection. This effect enabled the ability to improve PLED efficiency with a single monolayer without including additional polymer layers or modifying the electrode work Molecular-scale interface engineering for polymer light-emitting diodes Ho P.K.H. et al. Nature 2000 404/6777 (481-484) Language: English Achieving balanced electron-hole injection and perfect recombination of the charge carriers is central to the design of efficient polymer light-emitting diodes (LEDs). A number of approaches have focused on modification of the injection contacts, for example by incorporating an additional conducting-polymer layer at the indium-tin oxide (ITO) anode. Recently, the layer-by-layer polyelectrolyte deposition route has been developed for the fabrication of ultrathin polymer layers. Using this route, we previously incorporated ultrathin (<100 A; ) charge-injection interfacial layers in polymer LEDs. Here we show how molecular-scale engineering of these interlayers to form stepped and graded electronic profiles can lead to remarkably efficient single-layer polymer LEDs.
These devices exhibit nearly balanced injection, near-perfect recombination, and greatly reduced pre-turn-on leakage currents. A green-emitting LED comprising a poly(pphenylene vinylene) derivative sandwiched between a calcium cathode and the modified ITO anode yields an external forward efficiency of 6.0 per cent (estimated internal efficiency, 15-20 per cent) at a luminance of 1,600 candelas per m2 at 5 V.
Efficient, blue light-emitting diodes using cross-linked layers of polymeric arylamine and fluorene Chen J.P et al. Synthetic Metals 1999 107/2 (129-135) Language: English Single-, double-and triple-layer polymer light-emitting diodes (PLEDs) with indium-tin oxide (ITO) anodes and Ca cathodes were fabricated, based on solution processable and thermally cross-linkable hole transporting polyarylamine and blue luminescent polyfluorene; and an electron transporting oxadiazole trimer. Triple-layer PLEDs show the highest efficiency, brightness and saturation of blue emission. These results are interpreted in terms of charge injection balance and electron-hole recombination efficiency. The maximum external quantum efficiencies achieved (>1%) are comparable to the best polymer blue PLEDs.
Indium diffusion in model polymer light-emitting diodes
de Jong M.P. et al. Synthetic Metals 2000 110/1 (1-6) Language: English The diffusion of indium into poly-(phenylenevinylene) (PPV) in model polymer lightemitting diodes (p-LEDs) was studied with Rutherford backscattering spectrometry (RBS), X-ray photoelectron spectroscopy (XPS), low energy ion scattering spectroscopy (LEIS) and particle induced X-ray emission (PIXE). The model p-LEDs consisted of a glass substrate, an indium-tin-oxide (ITO) electrode, a PPV layer obtained by thermal conversion of sulfonium precursor PPV, and a patterned aluminum electrode. From RBS measurements it was concluded that about 0.01 at.% indium was present in the PPV, homogeneously distributed in depth. Annealing at 230 °C for 19 h caused the amount of In in the PPV layer to increase by roughly an order of magnitude.
An alternating copolymer consisting of light emitting and electron transporting units Jai Kyeong Kim et al. Journal of Materials Chemistry 1999 9/9 (2171-2176) Language: English An alternating copolymer composed of fluorenedivinylene as the light emitting unit and pyridine as the electron transporting one was synthesized by employing the Wittig reaction. The copolymer, which has conjugation throughout the molecular chain, is soluble in both polar and nonpolar solvents. The copolymer has a band gap energy of 2.85 eV deduced from an ultraviolet-visible absorption spectrum, and ionization potential and electron affinity of -5.67 and -2.82 eV, respectively, deduced from a cyclic voltammogram. The photoluminescence (PL) emission maximum was observed at 440 or 540 nm depending on the solvent used in making the solution for spin-casting. The copolymer was also capable of transporting electrons and could be used as an electrontransporting layer. A light emitting diode (LED) fabricated with a blend of polyvinylcarbazole (PVK) with a fluorene-based light emitting material, and this copolymer as an electron transporting layer, exhibited an electroluminescence (EL) emission maximum at 475 nm with a full width at the half maximum (FWHM) of 50 nm and a quantum efficiency of 0.1%, where indium tin oxide (ITO) and A1 were used as the anode and cathode, respectively.
Charge carrier transport in poly(p-phenylenevinylene) light-emitting devices Forero S. et al. Physical Chemistry Chemical Physics 1999 1/8 (1769-1776)
Language: English The role of doping and trap states for charge carrier transport in light-emitting devices based on unsubstituted poly(p-phenylenevinylene) (PPV) was investigated and charge carrier mobilities were determined by different techniques. Using temperature dependent impedance spectroscopy and thermally stimulated currents, the energetic depth and density of states created by doping of PPV during device fabrication on different substrate materials were determined. It was found that the conversion of PPV on indiumtin oxide (ITO) substrates creates shallow traps with a depth of about 0.1-0.2 eV, which are responsible for the p-type doping of PPV and govern the room temperature device characteristics.
Effect of poly(3,4-ethylene dioxythiophene) on the built-in field in polymer lightemitting diodes probed by electroabsorption spectroscopy Brown T.M. et al. Synthetic Metals 2000 111/-(285-287) Language: English
Here we report electroabsorption (EA) measurements on light-emitting diodes (LEDs), fabricated with poly(4,4′-diphenylene diphenylvinylene) (PDPV) as the emissive layer in indium-tin oxide (ITO)/poly(3,4-ethylene dioxythiophene) (PEDOT):polystyrene sulfonic acid (PSS)/PDPV/Ca-Al and ITO/PDPV/Ca-Al structures. In the latter structure, the built-in potential, determined from nulling the EA signal, corresponds to the difference between the work functions of the electrodes. By incorporating a PEDOT:PSS film between the ITO electrode and the emissive layer we find that such a built-in voltage increases by 0.5 V. The correspondent lowering of the anodic barrier height at the PDPV interface is likely to be responsible for the improvement in device performance.
Self-assembled nanocomposite polymer light-emitting diodes with improved efficiency and luminance
Bliznyuk Valery et al. Advanced Materials 1999 11/15 (1257-1261) Language: English Indium tin oxide (ITO) transparent anode was modified using self-assembled monolayers and electrostatically assembled SiO2 nanoparticles. The modification of the ITO electrode with SiO2 nanoparticles dramatically improved electroluminescence properties of polymer light emitting devices (PLED). The charged nanoparticle surface, which serves as a carrier trap at low current densities, induced a dipole moment across the electrode interface, effectively increasing the local electric field and promoting carrier injection. This effect enabled the ability to improve PLED efficiency with a single monolayer without including additional polymer layers or modifying the electrode work function. V) ) characteristics of the SLEDs were largely insensitive to electrode separation except at high voltages, at which the current in the devices with the largest separations was limited. Sandwich structures had the same light output at a given current. Light could be obtained in forward and reverse bias from indium tin oxide (ITO)-aluminum, gold silicide-aluminum, and gold silicide-gold SLEDs, but the turn-on voltages were lowest with the ITO-aluminum devices, and these were also the brightest and most reliable. Adding salt to the EO-PT increased the current and brightness, decreased the turn-on voltages, and made the I(V) characteristics symmetric; thus, a device with an electrode separation of 10 µm had the extraordinarily low turn-on voltage of 6 V. The location of the light emission was at the electron-injecting contact. Language: English Photoelectrochromic `smart' window technology is extended to include the use of flexible substrates and solid-state electrolytes. This should facilitate their application as retrofit modifications of office windows, where, by blocking incoming solar irradiation, they could substantially lower air-conditioning costs. These devices are based on a dyesensitized TiO2 electrode coupled with a 500 nm thick WO3 electrochromic counter electrode, separated by a cross-linked polymer electrolyte containing LiI. A novel method for preparing conducting nanoporous TiO2 films is described that allows for the construction of these devices on flexible organic substrates. Colloidal solutions of TiO2 free of surfactants were spin-coated onto indium-tin oxide coated polyester substrates, resulting in highly transparent films ranging from 100 nm to 1 µm in thickness. Upon annealing at 100 °C, these films were strongly adherent and displayed excellent photoconductivity as shown by their current-voltage characteristics. The devices typically transmit 75% of visible light in the bleached state. After a few minutes of exposure to white light (75 mW/cm2 ), the windows turn dark blue, transmitting only 30% of visible light. They spontaneously bleach back to their initial noncolored state upon removal of the light source. English Indium-tin-oxide (ITO) surface treated by Ar-50% O2 plasma has been in situ analyzed using X-ray photoelectron spectroscopy (XPS) and ultraviolet photoelectron spectroscopy (UPS), to investigate the relations between the properties of the ITO surface and the properties of organic electroluminescent (EL) devices. The plasma treatment of the ITO surface lowered the operating voltage of the organic EL device. The UPS measurements revealed that the plasma treatment resulted in the increase of the work function of the ITO surface by more than 1 eV. The XPS measurements showed that the plasma treatment effectively removed carbon contaminants from the ITO surface. The work function was correlated with the surface carbon concentration. From these results, the lowering of the operating voltage in the EL devices is attributed to the increase of the work function resulting from the carbon removal by the plasma treatment.
Characteristics of polythiophene surface light emitting diodes
ELECTROLUMINESCENT DEVICES
Influence of thickness of electrochemically deposited hole-transport film on electroluminescent properties Wang G. et al. Applied Physics A: Materials Science and Processing 2000 71/1 (117-120) Language: English Polybithiophene (PBTh) film was used as a hole-transport layer in an electroluminescent (EL) device. The PBTh was electropolymerized on indium tin oxide (ITO)-coated glass acting as a working electrode. From the change of full width at half maximum (FWHM) of the EL spectrum with the thickness of the PBTh film, it could be deduced that the PBTh film efficiently blocks the injection of electrons into the ITO electrode. The thickness of the hole-transport layer used in the EL device has a significant influence on the EL intensity and efficiency. Experimental data showed that there is an optimal thickness of the electrodeposited PBTh-hole-transport layer for high-efficiency EL devices. Michelotti F. et al. Synthetic Metals 2000 111/-(105-108) Language: English We report on the design, manufacturing and testing of Alq3 /polyvinylcarbazole (PVK) light emitting devices. The devices were obtained by spin coating PVK films on indium tin oxide coated glass substrates. Alq3 films were then deposited by high vacuum thermal evaporation. The devices were topped by depositing magnesium/silver electrodes by thermal evaporation. After deposition, the samples were stored and operated under a nitrogen atmosphere in order to prevent damage due to oxidation. The thickness of the active layers was purposely chosen to be large in order to study the device with an electro-optic reflectometric technique. Tanno K.et al. Colloids and Surfaces A: Physicochemical and Engineering Aspects 1999 146/1-3 (293-298) Language: English Quantum dot electrodes (QDEs) have been constructed by deposition of Q-CdS particles onto indium-tin oxide substrates. Upon application of cathodic potentials to the electrodes in electrolytes containing persulfate ions (S2O8 2-), light emission is observed. The emission peak depends on the particle size, with electrolyte electroluminescence (EEL) being observed down to 478 nm (blue light) for CdS with a particle size of 3.6 nm. DNA immobilized onto poly(ethylene terepthalate) or PET membranes and DNA probes attached directly to Indium-Tin Oxide (ITO) electrodes were used for detection of complementary DNA with application as a PCR amplicon bioassay.
Alq3/PVK heterojunction electroluminescent devices
Quantized electroluminescence from Q-CdS films immersed in aqueous electrolytes
Claims directed to electrodes useful for the electrochemical detection of a nucleic acid for the electrochemical detection of a preselected base in a nucleic acid. A method of detecting a nucleic acid (e.g., DNA, RNA) that contains at least one preselected base (e.g., adenine, guanine, 6-mercaptoguanine, 8-oxo-guanine, and 8-oxoadenine) comprises (a) reacting the nucleic acid with a transition metal complex capable of oxidizing the preselected base in an oxidation-reduction reaction; (b) detecting the oxidation-reduction reaction; and (c) determining the presence or absence of the nucleic acid from the detected oxidation-reduction reaction at the preselected base. The method may be used in a variety of applications, including DNA sequencing, diagnostic assays, and quantitative analysis. Uses modified ITO electrodes.
Microelectronic
Monolayer and electrode for detecting a label-bearing target and method of use thereof U.S. Patent No. 6,127,127, (Eckhardt; Mikulecky; Napier; Thomas; Thorp)
An electrode for detecting interactions between members of a binding pair. The electrode is modified by formation of a non-conductive self-assembled monolayer, When contacted with a target nucleic acid, an oligonucleotide probe coupled to the selfassembled monolayer reacts with the target nucleic acid to form a hybridized nucleic acid on the modified electrode surface. The hybridized nucleic acid is reacted with a transition metal complex capable of oxidizing a preselected base in the hybridized nucleic acid in an oxidation-reduction reaction, the oxidation-reduction reaction is detected, and the presence or absence of the nucleic acid is determined from the detected oxidationreduction reaction. A polymer-electrode (i.e., a polymer layer on a substrate having a conductive working surface) is used with an oligonucleotide probe. The probe attaches to the polymer layer and is available to capture target nucleic acid. A soluble mediator can diffuse freely and transfer electrons from a preselected base in the hybridized nucleic acid to the conductive working surface of the substrate. An electronic signal generated from the electron transfer reaction is detected and quantitated. A method of detecting a nucleic acid (e.g., DNA, RNA) that contains at least one preselected base (e.g., adenine, guanine, 6-mercaptoguanine, 8-oxo-guanine, and 8-oxoadenine) by reacting the nucleic acid with a transition metal complex capable of oxidizing the preselected base in an oxidation-reduction reaction. The method may be used in a variety of applications, including DNA sequencing, diagnostic assays, and quantitative analysis. The simulation of the optical response in spectroelectro-chemical sensing has been investigated. The sensor consists of a sensing film coated on an optically transparent electrode (OTE). The mode of detection is attenuated total reflection. Only species that partition into the sensing film, undergo electrochemistry at the potentials applied to the OTE, and have changes in their absorbance at the wavelength of light propagated within the glass substrate of the OTE can be sensed. A fundamental question arises regarding the excitation potential waveforms employed to initiate the electrochemical changes observed. Historically, selection has been based solely upon the effectiveness of the waveform to quickly electrolyze any analyte observable by the optical detection method employed. In this report, additional requirements by which the wave-form should be selected for use in a remote sensing configuration are discussed. The time dependence of the resistance response to a steep change of gas composition in the atmosphere is investigated for the gas sensors based on tin oxide and indium oxide thin films. The dependence is assumed to pertain to the exponential decrease with three time constants for the slope. The leading edge of the response is analyzed for the sensors with the aim of characterizing the target smell using a set of time constants instead of the equilibrium response signal. The sets are applied for the characterization of the volatile substances emitted from the model solutions based on glucose and glycine in which Maillard's browning reaction took place. In the sets, the collection of the time constants is shown being characteristic of the odor produced by the target solutions. Based on the sets, volatile compounds could be recognized in the aroma.
Electrical and optical characterization of thrombin-induced permeability of cultured endothelial cell monolayers on semiconductor electrode arrays Hillebrandt H et al. Applied Physics A: Materials Science and Processing 2001 73/5 (539-546) Language: English Impedance spectroscopy and phase-contrast microscopy are combined to monitor the electrical and morphological properties of human umbilical vein endothelial cell monolayers. The cells were cultured on optically transparent indium-tin-oxide (ITO) semiconductor electrode arrays coated with collagen IV, and the effect of the inflammatory mediator thrombin on monolayer permeability was monitored in real time. ITO electrodes provide several advantages for these kinds of experiments, because they are optically transparent, polarizable and highly sensitive due to the absence of insulating oxide layers. A qualitative correlation between the thrombin-induced gap formation and the electrical parameters of the cell layer is established.
Optoelectrochemical sensor for lead based on electrochemically assisted solvent extraction
Wilson R. et al. Sensors and Actuators, B: Chemical 2000 63/1 (115-121) Language: English A thin film containing the complexing agent 2-(5-bromo-2-pyridylazo)-5-(diethylamino)phenol (BrPADAP) deposited on the surface of an indium tin oxide (ITO) electrode has been used as a colorimetric sensor for lead. The sensor is based on a new electrochemically assisted solvent extraction method. When a cathodic potential was applied to the thin-film sensing layer, lead ions were extracted from the aqueous solution into the film resulting in an increase of absorbance at 550 nm. The magnitude of the absorbance change was linearly dependent on the concentration of lead in the range 0-5 ppm with an estimated limit of detection for a simple spectrophotometric method better than 250 ppb.
Remarkable enhancement of photocurrent generation by ITO electrodes modified with a self-assembled monolayer of porphyrin Yamada H et al. Chemical Communications 2000 6/19 (1921 -1922 Language: English Quantum yield of the photocurrent generation by an ITO electrode modified with a selfassembled monolayer of porphyrin was remarkably enhanced by a factor of ca. 280, as compared to that of the corresponding porphyrin monolayer on a gold electrode.
Spectroelectrochemical sensing based on multimode selectivity simultaneously achievable in a single device. 4. Sensing with poly(vinyl alcohol)-polyelectrolyte blend modified optically transparent electrodes Gao L et al. Analytical Chemistry 1999 71/18 (4061-4068) Language: English The feasibility of using polymer blend thin films covalently attached to indium tin oxideglass, via the silane coupling agent (3-aminopropyl)triethoxysilane, for performing spectroelectrochemical modulation is demonstrated in aqueous solutions. The polymer blends were formulated by entrapping three polyelectrolytespoly(vinylbenzyltrimethylammonium chloride) (PVTAC), poly(acrylic acid), and Nafionin cross-linked poly(vinyl alcohol) (PVA) matrix for the purpose of selectively incorporating solution-phase anions and cations. Ru(BiPy) 3 2+ (BiPy = 2,2'-bipyridine), Ru(CN) 6 4-, and Fe(CN) 6 3-were chosen as the analytes for their suitable optical and electrochemical properties.
Spectroelectrochemical sensing based on multimode selectivity simultaneously achievable in a single device. 3. Effect of signal averaging on limit of detection Slaterbeck A.F. et al. Source: Analytical Chemistry 1999 71/6 (1196 -1203 The effect of ensemble averaging on the response of a new spectroelectrochemical sensor has been investigated. The sensor consists of a selective film coated over an optically transparent electrode (OTE). The mode of detection is attenuated total reflection (ATR). For an analyte to be detected, it must first partition into the sensing film, second be electroactive at the applied potential, and third have a change in its absorbance at the wavelength of light monitored by ATR. Four different excitation potential waveforms were investigated: pulsed, step, triangular, and sinusoidal. A model sensor consisting of a cationically selective sol-gel-derived Nation composite film coated on an indium tin oxide OTE is employed to demonstrate the signal acquisition techniques under investigation. Tris(2,2'-bipyridyl)-ruthenium(II) chloride was used as a model analyte. 
